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CONVERTER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To reduce the influence of 
nonlinearity while a resolution is improved by making 
the delta sigma loop of an initial stage output the 
quantization signals of one bit and making the delta 
Sigma loop of a final stage output the quantization 
signals of multiple bits. 

SOLUTION: At the time of defining the nonlinear noise of 
an m-bit D/A converter 113 as E^, the quantization 
noise of an n-bit A/D converter 121 as On, the output of 
a 1-bit A/D converter 102 as Y^ and the output of an 
adder 124 as Ysumf the output Y becomes 
Y=Y^ Z-1-Y3^^.(1 -z-1 )=X2-2+Q„2-'".(1 - z-i )-2-E^.(1 -z-1 )\ 
The second term 'Qn2-"^.(1-z '')2' of the expression is 
the one for which secondary noise shaping is performed 
to 'Qn2"'^* to be the quantization noise of the quantizer 
of (m+n) bits on appearance, a third term 'Em.(1-z"'')' is 
the one for which primary noise shaping is performed to 
the nonlinear noise and the nonlinearity is reduced as 
well by improving an apparent resolutk>n. 
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iSt LT^SS&;^Xi>r_K^gsuytgSl 

flies 1 o#atc*3tt-&e*|gt=:i3iti>S^t;¥S<OA 

S-n (nli2Ja±<0lSS) b'-y hcOi^'fta-^t-rSH 
2<0#gi:. 

1 <o#ai: , idiEm 2 <o*&t *» /i)<'5aj^j«-f-K: 
^fz\i^-nmm> L<\i^<nm^'k*>^ixf^m^'k 2<o 

fries 2 c7)#gl^ J: i^Ybft^ $• 2 # 1 i: 
frS»2<0#g{i, 

I9as 1 <^#StctJ»tSft»acofi^^^g<7)A:'3ft-^ 



[0001 ] 
[0002] 

rttcfcv^T. i«v^s/Njt-eA/DSsae^^tdii:3&«»r 

[00031 06fc{4fi!3|W2»:Ox;P^'e^^'v3EPM 

^'i^^v^^i^SEJ^ti, 2ooa:»^ll, 13i:. 
1 b'-y K^)M^-ft:SSl 4 ( 1 b'«y h A/D^iSSsl 5 . 
Ib'y hD/ASmSSl6) ) UllS^l 0. 1 2 
3g»Sl7 r2j ) ti&^-t, r-^-n^^A*' 

[0004] 1 b'-y h D/A3S^« 1 6«JiJ^jm^^ 

Y* kL. lb'-/NA/DS!^l 5T^-^?.i^Hb 
y-fXS:Qi i:-rS4:. rY= ( (X-V ) • (z-i 
/ (1-z-i) ) -2Y' ) • (z-1/ (1-z-U ) 
+ Qi J , TY' =Y {T-i-oymtT'J-^imti/^m ; 
Lv^t^S > J iO. WT^o^ ( 1 ) *^^§4>^^S. 
[00051 

Y = Xz-* + Qi • < l-z-'> » (1) 

:LcomzXix\i. Q, tc{i2»:(^^^5gii:( 1-z-i) 
[0006] m.=H!cy ^ xt cm^ ^WkW^^z 
( f ,/2 ) /f b tfyru ^-^^Jt-CS,?.. 

>f X«x;U^'S^i/v^M«t^f*St:Sitt4.ti.Sx 

[000 71 kZhX\ 06fc:S^L)tf i'rJ'yPi'^'^a 
A/D^Sfi. i^^-fbSl 4rtl=. 1 b'-y h<ny'=J^ 
}VT^\3^^i'U0 1 b'-y hD/A 1 6$-ffl(r»S^tC 
#a3&«fc 0 . 1 tr-y h D/A 1 6 {i 2 -:3<!D^'<JPcOr-^ 

0 L S I ±-C<^m«Yl:*>'^-CS) -S^fiOf IJ^$:*^S . 

1 b'-y hD/AtfO#i5>)tcaitb'-y h<0T-^D^^Ti'':7 
^l^3ft$rfi=a#b*y hD/A^fflV^Sfc. 3UK}Ul:ji±. 
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[00 08] 3=5rxi^'^';l'v-:/-7MA/D 

8(a) iZTrrtXoiz. fs J:'Omimcr>V^^f ' 3 ^ 

fb *^i§?S:^i^<o^(c(ig|3^>1iLv^i:$ix-Cv^ 
[0009] m2ic{i:. y-f x^-i-f eyy<o»3a$-± 

tf6ii:*J#i.^^tS, 08 (b) tc^^-riot. 

[0010] m3lZii. S^-n:Sg<0^fi?SgSr±Jf 5 Z t 

i^^i^ixl. 128 (c) {c^-TirdC. A^Ht^cT)^ 

xhh, 

[ 0 0 1 1 ] ^cir. m.=f-^^<r>^fm^±if^ i d 
^ss-ia9, mioiZTTCt. m9\,z7^-ti^<7i\i^ seti 

^ l.tzTli'^ i^T'vMA/D^^SiOJi^S 14^^ 

^ 2 5 1 m fc' >y h D/A^^^ 2 6 fc S . 
[0 0 12] inb'.ybA/DgaftS2 5<0«^y>fX 
, mb'-y hD/AS^iefg2 6<7)|^^y-fX2-E 
. i:-rSi:. '■Y= ( (X-Y' ) • (z-i/<l-z 
-1) ) -2Y' ) . (z-i/ (l-z-i> ) +Q. J . 
ry =Y+E„ J t^j:^aiX\ rY=Xz-2+Q. • 
(1-2-1)2 _E, z-i ( 1-z-i) -E. z-i J 
5^*«t#4.fLl.. ^<?5iCfcfclr^T. TE, z-i (l-z 
-1) <E, z-ij *<^i5i*>. f&mL<r>t:if> r- 
E„ z-» J $• TE. J X'W.^m.i.ht (E„ \i.J>iX^ 
4)-<Of>:i^)«^5:#iSL5:<Tt^V>) \ iji^C (2) 

[00 13] 

.Y = Xz-2 + Q„ • (l-z-i)2+E. (2) 
^<i0^<om2^ TQ^ . (i-z-i)J jJimb'vb* 

-f xcjt LT 2<J:<oy Xs^ ^ -f try ^s- Lfc t> 

Xi;lf^<r>ttiii:h^tl^Zbi)<m^?>, Z<Otiif). HR 
(C, mb' yhD/A^JtS2 6C0^-vy:/P-S^3>-3!5 

[0014] Z(r>J:5^mkmSti. ffitii rj.w.Fatt 

aruso, "Self-calibration techniques for a second or 
der Multi-bit Sisna-delta modulator ".IEEE J.of So 



1 id-state Circuits, vol .28. no. 12. Dec. 1993. pp. 1216-1 

223 J m<o:m^ztm^tix\,^i, . 

[0015] tfz. m 1 0(c*t-t«Jiffil«Ota^*S«<0 

&Hty-(XQ^ s-tttisL. ztiimm^s 1X2" m 

Ltz^iZnlz'^/ hA/D3£^3 2Xnm&'HtLrz 

Ik. ^i^iz. Mm.=F-i\:<r>m^i:mm^3 2X2-'i^L. 
ztii2<if:WL^^34X2<x<7iy^xi^3i^ \:^yy^n 

-?^t>0^. JllS«S3 5«C<ko-CYi (mb--/hA/D 

[00 16] ZZX\ 3^(2) irmmthh TYi =X 
Z-2 + Q. • ( 1-z-i) 2 +E„j ASfiSAL. ^/c. 
*B«iS3 1 TQ, +E. J . mm^33ffi^:h 

i&Ya h-rSfc. = ( (Qo +E. ) • 2» +Q 

„ ) • 2 «' = Q„ +E. 4-Q„ 2"! fc^StOT, TY 
=Yi - ( l-z->) 2 Yj =Xz-2 + E. - ( l-z 
-1)2 • E„ - ( 1 - z-i ) 2 • Q„ 2-« J b^j:h, 
Zffi^\,Zi5\^X. TE. (1-z-i) * <Ea J 
iOCO-e, <}i5«: ( 3 ) 3&«^iS><tS , 

[00 17] 

Y=Xz-2+ ( 1-z-i) 2 •Q„.2-"' + E„ (3) 

Zir>^<r>m2m r ( 1 -z-i ) « • 2-»j nb' 

<y hcr>m^ity-(Xt: r l/2« j mtTV^|.cO-C> 
*>Jt± ( m + n ) b'^y V(r>m.=Ht^<^&.'Hty Xt^ 
■S TQ, 2-«j CiftT2»:<0y-fX>'i>f l^:^^5rL. 

^t<o, IS331E. {i^ftM9gy'fXT'*S3tft. ^Hiy^ 
y>fX*«-?-oiitfJ:*3$ixS3fc7!;f^i-*»&. ^itf08!3l5a 
mizXtiii. MJ}^if±cr>^mm^±ifi> Z t liX^ h t 

[00181 CKOJ: -5 mtti ri.L.Broo 
lc5.etal.''A Cascaded Sigma-DeltaPipeline A/D Conver 
ter with 1.25Nhz signal Bandwidth and 89dB SNr.IE 
EEJ.of Solid-state Circuits. vol. 28, no. 12.Dec. 1997. 

pp. 1896-1906 J m<oxmiz§sm^tix\^h, 

[00 191 

i%mtiim^Li:ob-r&mm} $x. ^yyjyym 
mifs i^Hmmm^mx^^ixkm^. ^r- 

«S/NitOA/D^'J^«||31-C'#S*^ iiO%&, » 
^HtS^*l«-r-&#b'-y h D/A^^<7)^f^mc^f 

[0020] *?few«c:c7>j: 0 ^m^wmi:fm-ti> 
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c 0 0 2 1 ] i/c. ^^m(^m<^mmi. immiti:^ 

[0022] 

mm: 1 b'-y he^»^l:ft^^ai:']-rs J: o fc*8B£$tL 

1 0 0 2 3 J i<0%aS(cJ:n{f , tnSX'JiT-^n^d-^ 
L<{4-?-<7)ffl;^i^*)§nJtfi-^$r^b'>y h»^-ftr 

:^';Hi■^J^MS:^To•C.>b'>y h»^^f<O^NiBgy-f 

10 0 24] it:. mtJK2izUi,^m\i. 

n-aymmf'J^ji^^izmm-h r^^^^fv^ 

em^^mtzihm^ski&.T^^h&.'j'it^&k , 
i (o&^it^miz i s MTH^m^: Ti-vi ymm.z^ 

mmmmt?>x^i,zLtzh(^^ imt Lxmk'^:<;x 

a) b*.yh<0fi^«^k:-r^m2<0#gi:, 1912^1 

<r>^^b. md^2(r)^mti)^^<n\iii}mmz^'^\\ 
. ifriEn 1 <^)*a«4, -e<ot«ja<ofi^*s*< i b- 

•y K <r)M.=m:'<x "^hMz. ^cr)Wm^<r>mFm^m^ 
m ( m{4 1 iiLhcO^) b'-y h«0»^^-fb^ff 3 fc 

[0025] CcOl^BJtc J:fT.{f, IS 1 0 A/D3gm¥S 
mS^mim (m{41feUi<?^a) b'-yhco* 
li, miOA/D^}a^StCi3(ti.e$5ScOinb'-y hfi 



20A/D^^^g*^^-rS n b'>y V(OMm.=Hm^ 

i.zMLxy^x->:c-i\i>yi:n\>K mi<0AyD^ 

Cltg^Smb-y hOi^^b^^fXiil^Sfi, nb' 
•ybTSfi^L7t»fcJ:& (m+n) b'-y h^M^lgffl 

[00 26] trz. m^3iz^h^m±. it^2fc 
fcv^T. $^>{c. lineal c7)#gfcfc{tss$iS£0*^ 

IS 2 <o¥g(c J; S»^-fb«^^ 2 1 -r S 

[0027] iiOj^HgtCinjf . ^b'«y h&^tmcOM. 

bifi2<^^mer>fm^ndJ;:'Hz'ti>ZbT. tS^^ 

. [0 028] ttz. mm^4kzgh:i,%mii. n^2i3 
xx/3<7>\^iixi,Hzt3\-^x; tistim2<Dmi. liram 

[0029] ZCOWmzJ:tH£. m2<0*gfc:<J:-?-C. 

ls^^*««rgi»gr<ofi^y x$-»ffl ut cms- 

^BJ«4. fg«3I2ijJ:t^3c^V>-rix*H3i3l^T. MlSlg 

2<o*S{±, mieilio^St;:fcfti.«*^Sio*^b¥ 
[00301 Z(^^nizJ:tit£. ®^=3:«JSt:«*?ao 

»^k#g<oA*ft-^?&s^'fbtT. «^-fb¥a<oaj* 

[003 1] 

.^cOt'/I'^ i^iJ^vSA/DggMsOya -/i^m^mX'h 

t\ Jn»SlOO. «^101. Ib-yhA/D^. 
15102, 1 by hD/A^^l 03, JdSlSI 04 
S:*trT/l'^'i^^^v;U~ri:, A:*jm^**l b'-y NA/ 

D^Mli 0 2w4^jby^XQi -c, infill i o. 

a^l 1 1, mb-y hA/D^^l 12, mb'-yb 
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D/A^ejftSl 1 3. Hoses 1 1 4Sr^trx;l'^'S^^^v 

tti:fjX'i>i.miL y hA/D^'J^Sl 12(0m^y^X 
Qb i&2° <gi-|.lg^l 2 0i:. C<0tgi1i^m(C*tt 
Tnb--/h<^A/D^Sr^ta nb' y hA/D^Sl 
21 .I<^-f>'':^;Mi^$-2--fS-rSlSfifffl 2 2 
i:, CKOtiil^SS: lim^i-rS liJC^^l 2 3h, 
^t^^teSkmh'-yhA/DgaSSl 1 20aJ:^3 (Y 

2 ) i: itm-t^tsm^ 12 At. :i<r>imm^i: i a: 

mt-ti> 1 1 2 5 1 . CKOia^J-SSmi: 1 t'>y h 

A/D3g^io2<^ai:^ (Yi ) i&iaaigsi 5 0 

■C'^®$-t*Tt«^i: SrJDff-r aSnfffl 1 2 6 i: ^^fT 
v^iifli:|3lt«^{c::SrO, SJt. nf-yhA/D^ 

si2ii:L-c, jur^^ym. y^-vi^^j-mm^^ 

Y = Xz-2 + Q„ 2-» • ( 1-z 
C:c0^<0gf2^ rQ„ 2-«- ( l-z-i)» nh' 
<yh«7)i^t/^XS: ri/2« j fgfCV%i,<7)-c. ^ 
*»{t± ( m + n ) t' •/ h COi^SOfi^y X i; 

S rQ„ 2-»j fc*tLT2»:<oy>fXJ^x'ftrv^^i^L 
^t<0. ^33irE, • ( 1-z-i) J fi. ^NSJ^y^ 

C 0 0 3 4 1 fiP^>, mX'mA.tm^Wnifi^'L^j:^^ 

t^^L. 2gacofiiHl:S^mt'>yh«o4^l:S-c-^ 
JSU 2SB<oA:ft?:iaaT-<oit'-/ha^^by>fX 
Qi^ifst, Yj icji, Q, bi-d:z'y-<Xi^j,^\:: 
y^^tifzQa imtii, Yz ^^tyiizv^'y^xi^ 
x'ft>'^^t. lSB<Offi*Yi JrO^ac-mJf. Qi 
tii:fjYi,zii2}XX'y Xiy^-( \::yy^it 

M^ity^ XQ„ n h'-y h A/D^H 1 2 1 "CSJi 
^Nk-rS<OT-, EStHti^t: (m+n) b'-y Nffl^ 
(7>&=Ht^m^ity-<Xb^j:^XK^S,, La^L^i}^. 

nwm.R^ t4iiW«iJ-si2 5CJ:si»:oy>f 

>'N*— U y:>^Jt 1 2 S-Cti, *<>6 3 4i-c7) 1 tc^:^ ^ 

1 0 0 3 5 1 iJctC. 3|5%BJ«0|| 2 iOSISfeJg®<^7';W ^ 

Y = Xz-3 + Q„ 2-0- <l-z 
Cc05<icO|g2« rQ„ 2-»- (l-z-i)» Jl4> nb' 
'yh<6M=Hty-^ Xi ri/2'' j fgLt:v^Sc7)T\ ^ 
*»{t± ( m + n ) b' y h CO&^^^(^&'Hty ^Xb^ 
h 2-»j tcMLT3»:eoy'fXi^x-<b>'^S-U 

fct<o. m3«rE3 • (i-z-i)! ^M.tmf&y 

^X\zn\^X2^<lFi<r>yAXi^3.^\ivy^\,tz\i<r>X'. 



[ 0 0 3 2 ] 4-, mb'-y h DXA^SMs 1 1 3<0imB 
y-(XiE, , 1 b'-y bA/D^J^l 0 2«7)a^-([:/ 
>fXQi . nb'-y hA/D^MSl 2 ICOi^Hty-fX 
*Q„ . lb*'yhA/DS:SiSl0 2<0ai:^3?:Yi . m 
b'yhA/D^MSl 12^a}:>3SrY8 ,ii«@§S12 2. 
COiii:^5-Y3 , Jl«S12 4<7)aj:tlS:Y,„. fc-rSi:. 

TYi =Xz-i+Q, ■ (1-z-i) J , rvj =Q, 
z-J+Q„ • (l-z-i)+E. +Q„ 2-»j. 
= Qo +Q„ 2-«j. rY3.„ =Y2 -Y3 • (1-z 

=Qj -Q„ 2-« • (l-z->) +E. J 
T', aj:J3Y{± rY=Y, z-i-Ysu. • (l-z-i) = 
Xz-2 + Q„ 2-»- (l-z-i)2 -Eo • (1- 

z-») J b^*). itocC (4) *^^§^>^^.^., 
(0 0331 

1) 2 -E. ■ (1-z-i) (4) 

^-^SA/D^ftSfcOV^TiiBH-rS. ia2«. Z<7)y' 
}V9 v^^vSA/D?E^«yn «y ^'li^TS) 0 , ^ 
cOryP-rJ' v'^^vSA/D^^ti, m 1 K^-T t><0fc:j3 
V , 1 S B <Tyfn/9 yfc: 2 o<o®^J« 1 0 

1, 10 52-ig{t. C:iitc*EfC*S[|Sl0 6i:JnS[S 
1 0 7^fiii.7t^i:. liJCgt^l 2 50#i3»3fc2»: 
mt^ 1 2 7 &iStt/i;i^t!»^i2b5 . ^fe , 0 1 1:^ 

[00361 mb'-yhD/A^^l 1 3«0|^t8Jg 
/-fXS-E. . lb'-yhA/DSgaiSl0 2<Ofi^y 
^XQi , nb-.yhA/D?aglll2 10j|^HI:y'fX 
&Q„ , lb'.y bA/D^Mffl 0 2<oai:*32:Yi . m 
b'-/hA/D3aii|gl 120aj:»]$:Y2 . ii«SS12 2 
c7)m:»3$rY3 . JifflClll 2 4<oa}:'j5rY3„. 
06fcStr6te9«7)iC ( 1 ) ±0 TYi =Xz-i'+Qi 

• ( l-z-> ) 2 J . . t/c. ^J©^«1<0Y2 . Y3 
tTOcTYj =Qj z-'+Q. • (1-Z-M4- 
Eo J . TYg =Q. +Q„ 2--J fc^rO. ^t>^. 

"■Y.^, =Y2 -Y3 • (l-z-i)=Qi -Q„ 2- 

• (l-z->)+E. J i:5rSOT, rY=Y, z-i- 
Y3U0 • (l-z-i)2 =Xz-3+Q„ 2-« • (1-z 
-> ) 3 -E, • ( 1 - z-i ) 2 J t^O, ( 5 ) *J 

[00371 
1)3 -E. • (1-z-i) J (5) 

[00381 ULhiiBJLXt^iatc/^.l . B2<0|| 
nb'-ySA/D^gSgUiSSa 
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Mzmixim.=Hty-( xii^ n t'-y hisst^i^o , (m 

C 0 0 3 9 3 ct 0 ^^-^T't . ^^BHJiSJiilT'S^ 
'f Xi^x tr >':J^$:§|3S-C'§ S i: d ^ U >y h 

b'>/hi^tri.i3tcLf^i»^. 3<J:ia±i7)y^X>' 
[ 0 0 4 0 3 i d '5::T^*'&Sr»M-tS!t«)0. 2|=5I 

BjioiS3<7)iiss<^?g®{c-ov-»-ci5eBj-rs, msiZTjk^x 

xT^JUS^SlOO. 104, 107,S^101. 

105, 1 t'<yhA/D5gmi§l 0 2. It'-ybD/A 
^Sl 0 3 , aSCSl 0 6 (^2 ) t i^tSTJV-? 

i^^^n^yt. A^m^Qi T. Jnii:si5 0. i 

54. 1 5 7, a^J-Sl 5 1, 15 5, Ih'-yhA/D 
^Ilgl52, 1 b'-yhD/A^}M§l 5 3, ^Sl 
5 6 («Sc2) i:2:^tfx;P^'>-:/v/l'-7"i;S-;«>X:Jr 
S^>fc, jD^lSil 5 4«oaj^(fc*fLTnb' 
«y hcOA/D^^S:fi=a nb'v hA/D^SIl 2 1 

2<m^-t^2im^ 1 2 7 fc , Z(r>m^^M(:t l b- 
'yhA/Dg^lSl 0 2wai:>3 (Y, ) tCi>ffC2»3I 

SSB 1 3 o-C2»:m$--^;c;t t><^i: *jij»-rsilns:s 

1 2 6 fc ^r^rr 2. , 

[0 04 1] w<:0;^X3-HSc01 b'-y hr/l'^ix^^V 

[0 04 23 $T. SPf2Safi?g.<S<7)Y, kPSifc ry^ 
= Xz-2 + Qi • (1-z-i ) 2 J , C:cO^{C*3V>TA 
^]Qi ..S^ty^XQj t^Si: =Q, Z-2 + 

Y = Xz-3 + Q„ 2-» • ( 1-z-i 

i<?D^{iE2fc^-ri><0t, m2l,Z^rctij<r>tm—(0is 

m^mt^r>x\^h, zcr)m:m<ommifZXtni. &=Ht 
10 0 4 8 3 acK, m5i:^mLx^^mcom5<omm 

Tdxy- HSt;U:J' i'iJ'-ea A/D^SHc|iB<i,a^r 



Q2 • d-z-') » J . =Q2 +Q„ j , ry 

sua =Y2 -Y3 • (l-z->)i =Qi z-*-Q„ • 
(l-z->>' J ^OT-, rY=Yi z-2-Y,„a • 
(l_z-i) 2 =Xz-4+Q„ • <l-z-i) < J 
5<^)T»:^ <6) *^^§<^>^^S. 
C00433 

Y = Xz-«+Q„ • ( l-z-i) ♦ (6) 
Z<7)^ ( 6 ) fcriftJf, nb' y hfflSOfi^y-f XQ 

„ ii4}!fccy^xi^,L-(\::y^^tihbmz. ^mm& 

M^^JStciitJf, &=Hty^Xi:imri,b^lC^ 

s ^ b iMmx'h s . t , A:^«-^t-*t 
[ 0 0 4 4 1 H4 izm4<ommm(m^t:^. z 

tHm2l,z9ii<Tii<7)lz}iK^X. tamsl 14 5-1X0^ 
mb'/hA/D^mSl 1 2<0A* (Y2 -Q. ) 
*18<SS1 2 0tcA*§«Si:*fc:. mb'-y hA/D^ 
^1 1 2<7)ai:>3Y2 i^iiliSl 2 2«a:Jji:li«[-rs 
JI®:Sl5 1S:lii.-CV>^,. 

[00453 *56BBK33v^T{4, sfi^Hirrse*is<o 

m-^{4»^^-fky^XT'*)Sf:{4IS^>^V^ fiP^, M^-fb 
y-fX=^-;fi^^mL^rt-m«^'c.=5rt^i:{4l®^>^:V\ C: 

{c, 2aa<oai:^jY2 tii«^km#Yj s-uius-rsi 

fctci-o-Ct, l32fc:5rr«,<Ok|S|-<ogSB®&t5itJf 

[00463 c:<x^.^J:OPiWCmB^S«:ftfc:, Sffe 
{=JP»S1 24, 1 5 l«oai*5:^^Y,„.i, Y^u.ji: 
-rSi:, TYi =Xz-2 + Q, • (l-z-i)^ j, 
rY2 = Qi z-i+Q. • (l-z-«)+Ea J, fY 
3 = { (Y2 -Q, ) • 2"' +Q„ ) 2- = Y2 -Q. 
+ Q„ 2-«'j fc^O, ^(^iZ^ rY,„a2 = Y2 -Y3 = 
Q„ -Q„ 2-'" J , rY3„.i=Y2 -Y3 • (1- 
z-i) =Q, z-i+E. +Q„ 2-« • (l-z-i> J b 
^rStOT', rY = Yi z-«-Y3„^i- (l-z-i)* = 
Xz-3 + Q„ 2-"- (l-z->)3 -E„ • (1- 
z-i ) 2 J k=5r'?> <>C^ ( 7 ) 3&«f^/5>tl«.. 
[00473 

>3 -E. • (l-z-i)» <7) 

T;U^'i^^^-7S!PfS, 2, SgBA^l^CiOv-y^^/WP- 

i:mmLt:hffiX'$)i> . 2gafiOA:»3{±Jl«CSl0 4<?5 
ai:ftT, 3aB<DA:»J«JPfi«Bl 74<^aJ:»3T'&S. 
[00493 4-, mtliZ^ 1 b'-y NA/D^MSl 7 2 
i7)ai:^«:Y2 , mb'.y hA/D^^l 1 2ff)iii:f}iY 
3 . tffliS 1 2 2<oa}:»j^Y, , Anns 1 8 0<oa}:fjt: 
Y.uoi. Y4 ^l<m^fll6 0T-^^L^t<O4:Y3 
k 12 4 -C-JO^ LfzmSkiY. uoib-i-?>b. 
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I z-i+Qj • ( 1-z-i) J . =Q2 z-i+Q 

. • ( l-z-») +E.J , ry, =Q„ +Q 
„ 2-«j . rY.„.2=Y3 -Y, • (l-z-i)=Qi 
z-i-Q„ 2-»- (1-z-O+E. J. rY,„„i=Y 
Y = Xz-« + Q„ 2-° • ( 1 -z 
L/^**-r)T. iOHiU^SiCiiltf, (m+n) t'-yh 

mt'-y bD/AS!^l 1 3 (D^mmmiS^dOi' J ^ X 
[00 5 1] 

[ 0 0 5 2 1 ilfc, M^^kS^JBIgS- 1 fc'v hfcLB 

[01 ] ^^m<r>w,i<rm^<mu<n=f)v-s''^i^^m.i^ 
/D^jsnoro -y 9m^mx-h s . 

[03 1 *l6B8«^|g3cO||i6cO}gBlcOTyl'^i^^vMA 

/D^-MI<orn .y ^'«fig0-C'*|, . 
[061 ^<r>^lVi^ S^^^vMA/DSS^iStoyo -y ^' 

mmmxhh, 

[07 1 «!3f^^<OSiBH0-CS»S. 



2 z-«-Y3„a2- (l-z-i)=Qi z-2 + Q„ 2-"- 
(l-z-i)-E. • (1-z-i) J a'5:S<7)t'. ry 
=Yi z-2-Y3„.i- (l-z-i)2 jJ:'9»:^(8> 

[0050] 

»)♦ +E, • (l-z-i)3 (8) 

[ 08 ] «!5RS«<OijiBH0T-ft 6 . 

[09] 8!3|WD7'7l'^' i/'^^'^a A/D^SS^O^n -y 

[0101 ta!*<0-f;P:?S^:?^-7SA/D^S<7)yn.y 
10 0 jDffS 

101 ^.■m 

102 IbVhA/DSaftSf 

103 lb'«yhD/A^S 

104 tmm 

106 «^ 

1 0 7 Jn»s 

110 JlllLS 

111 mm 

112 mb'-yVA/D^^ 

113 mt'-y hD/A^S 
. 114 iP»S§ 

12 0 mmi 

121 nt'-yhA/D^JfeS 

122 iiig^ 

123 \<mMi 

124 JDS^ 

125 v<mm 

126 IDSCSS 

1 27 2i}da^ 

1 30 2<mm^ 

1 3 1 2i!m.m 
150 li»3iSII 



[061 



[07] 



aotts ln»S 





^2 
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mi} 



150 i^a^s 




1101 

L<i> 



Yjum — 



ii-yr ~ 



124 




10 



11 



12 



[09] 



1 



2^1 










*<+>-«- 










121 
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